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Firstly, I collate and review hypotheses related to this topic. Abiotic factors, such as the seasonality of drought 
or ignition sources, and biotic factors, such as seedling-to-parent ratios, both can guide management 
decisions on burning practices. To date the following four factors have been considered to determine levels of 
regeneration after fires in different seasons; phenology, post-release predation, mortality of seedlings or 
seeds and competitive interactions between resprouts and reseeders. Secondly, I extend the data base for 
both biotic and abiotic factors related to fire seasonality. Lightning seasonality varies across the biome and 
may account for the seasonality detected in natural fires on inland mountains. Analyses of regeneration data 
indicate (i) parent density contributes minimally to seedling-to-parent ratios across, but is sometimes 
significant within, season of burn, (ii) the difference between the seasons with the lowest and the highest 
seedling-to-parent ratios is less than four-fold, and (iii) that the trend of maximum regeneration following 
autumn fires applies even in all-year rainfall areas. 
Eerstens gee ek 'n oorsig van hipoteses wat betrekking het op hierdie onderwerp. Abiotiese faktore, soos die 
seisonaliteit van droogte of bronne van ontbranding, en biotiese faktore, soos saailinge-tot-ouerplant-
verhoudings, kan beide inligting verskaf aan fynbos-bestuurders. Tot op hede is die volgende vier faktore as 
belangrik beskou vir regenerasie na brand in verskillende seisoene; fenologie, predasie na saadvrystelling, 
mortaliteit van saad en saailinge en kompetisie tussen plante wat voorplant van saad en die wat uitloop. 
Tweedens brei ek die databasis uit vir beide abiotiese en biotiese faktore wat betrekking het op die 
seisoenaliteit van brand op regenerasiepatrone. Die seisonaliteit van weerlig varieer in die bioom en mag 
verantwoordelik wees vir die seisonaliteit van natuurlike brande in die binnelandse berge. Analise van 
regenerasie-data toon die volgende aan: (i) die digtheid van moederplante dra minimaal by tot die saailing-
tot-moederplant-verhouding oor seisoen van brand, maar mag beduidend wees binne seisoene, (ii) die verskil 
tussen die seisoene met die laagste en hoogste saailing-tot-moederplant-verhouding is ongeveer viervoudig 
en (iii) die neiging van maksimum regenerasie na somer/herfs-brande van toepassing is in die heeljaar-
reenval areas. 
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Introduction 
Fire is the main management tool in the fynbos and 
therefore data and hypotheses concerning the possible 
effects of different fire regimes are needed for appro-
priate management. In this paper I concentrate on the 
seasonality aspect of fire. 
Considerable research on the effects, and under-
standing of, fire seasonality in fynbos and other mediter-
ranean shrublands, is in progress or has been published. 
But, to date there has been no clear statement of the 
hypotheses involved. This is necessary so that further 
work can facilitate unequivocal testing of hypotheses. In 
the first part of this paper I review all suggestions which 
can be construed to be relevant to the problem of season 
of burn. For greater clarity I have phrased these 
suggestions as hypotheses. In the second part of the 
paper I present some further data on the topic. 
Present fynbos management objectives include both 
the maintenance of bio-diversity and of natural processes 
(Seydeck in prep.). Data from two broad categories are 
useful for making decisions on in which season to burn. 
Abiotic data, such as the seasonal variation in the 
incidence of high plant moisture stress, ignition sources 
(mainly lightning) and of historical fires, could be 
interpreted to suggest when to burn. On the basis of 
biological data , it could be argued that controlled burns 
should take place in the season that selected biota 
appear to recover best from fires . In the case of any 
conflicting suggestions within or between the above two 
groups , it will be up to the managers to decide in which 
season they must burn so as to achieve their manage-
ment goals. As far as biotic factors are concerned and 
due to space restrictions, I shall concentrate on 
serotinous Proteaceae. Kruger & Bigalke (1984) discus-
sed fire seasonality effects on other growth fo !"ms. 
Abiotic factors 
The 'burn when fire danger is highest' hypothesis (van 
Wilgen 1984) is based on the argument that natural fires 
are and were, most likely to occur when fuel moisture 
conditions are lowest. This hypothesis assumes that the 
availability/seasonality of ignition sources is relatively 
irrelevant and that the largest areas will be burned 
during the driest time. Although this hypothesis is not 
concerned with variability in regeneration, it has been 
proposed as a means of determining burning periods 
across the fynbos (van Wilgen 1984) . 
Horne's (1981) analysis of the seasonality of natural 
fires in inland mountains of the S. Cape indicated a 
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summer peak. To consider whether the patterns detec-
ted by Horne (1981) are due to the seasonality of high 
plant moisture stress , as hypothesized by van Wilgen 
(1984) , or due to higher lightning incidence , I analysed 
lightning seasonality at four stations across the biome. 
There has been no previous analysis of the seasonality of 
lightning for the fynbos . 
Biotic factors 
Previous studies on the impact of season of burn in 
fynbos have concentrated on serotinous Proteaceae 
(Bond et ai. 1984; van Wilgen & Viviers 1985) and have 
been repeated in Australia (e.g. Cowling & Lamont 
1987; Bell et ai. 1987) . The primary datum in these 
studies is the seedling-to-parent ratio, with a high ratio 
taken to represent the best time to burn . Thus far four 
main arguments which can be construed to relate to the 
effects of fire season on the fynbos Proteaceae have been 
proposed. But before I discuss these hypotheses , I 
discuss the appropriateness of the seedling:parent ratio 
as a measure of regeneration response . 
The seedling-to-parent ratio 
The basic method for obtaining this ratio is to layout 
from 60-100 1-m2 randomly situated plots per transect 
and to count seedlings and parents of all serotinous 
species within the plot. One transect is enumerated for 
every 100-ha of area burned in a specific fire . However, 
other measures of regeneration response could be used . 
For example, an index based on seedlings per given area 
would be independent of parental density-dependent 
effects and competitive interactions between seedlings. 
The same density of 10 seedlings per m2 will give 
apparently different regeneration responses if , for 
example, derived from parent density of 1 m2 (s: p = 10) 
or from say 0,01 parent m2 (s:p = 100). Bond et al. 
(1984) demonstrated density-dependent decline in 
reproductive output of serotinous shrubs. This suggests 
that the output of seeds per area , and not per shrub , 
should be fairly constant and therefore that density-
dependent interactions should be important contributors 
to post-fire seedling:parent ratios. However , Bond et al. 
(1984) did not attempt to give a numerical indication of 
how much of the variation in post-fire regeneration 
levels could be attributable to density effects and how 
much to seasonal effects. Nevertheless , it is obvious that 
for the fynbos Proteaceae, a family typically with a low 
lifetime output of large poorly dispersed seeds , seedling 
numbers need to be related in a demographic sense to 
parent numbers . The crucial aspect is whether density-
dependent regulation of regeneration levels over-rides 
other aspects . 
Another consideration is that some of the genera of 
serotinous Proteaceae are dioecious . Males of these 
species do not have cones and thus can not be identified 
after fires . Unfortunately , Bond et ai. (1984) and van 
Wilgen & Viviers (1985) did not double the numbers of 
females they recorded for these taxa and thus in some 
cases they over-estimated seedling:parent ratios by 
under-estimating numbers of parents. Using a large 
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sample size of fires and correcting for dioecy , I have 
attempted to determine the effects of parent density on 
regeneration response . 
Furthermore , even using a seedling-to-parent ratio , 
the regeneration levels after a fire can be evaluated in 
the following different ways: (i) by total seedlings 
divided by total parents irrespective of the species 
involved (biased by the intensity of intraspecific 
competition), (ii) per species per transect [i.e. biased by 
the scale of the fire , e.g. Figure 4 of Bond et al. (1984)] 
or (iii) per species per burn [Figure 2 of van Wilgen & 
Viviers (1985)]. To determine whether the results of 
these different measures differ significantly T performed 
the following seedling:parent analyses: (i) by fire (total 
seedlings on all plots for any particular fire divided by 
total adults) , (ii) by transect (total seedlings per transect 
divided by total adults) and (iii) by species (total 
seedlings of any particular species on a transect divided 
by total adults of that species). T turn now to factors 
considered to control regeneration levels . 
The 'phenological hypothesis' 
Jordaan (1949 , 1965) predicted that optimum regener-
ation will be found after fires which take place just after 
the latest year's seed crop matures. Jordaan (1949) 
suggested that management fires should preferably take 
place between January and March in the SW Cape. He 
based his argument on the reproductive phenology of 
Pro tea repens which flowers in April and has mature 
seeds by the following January. Jordaan (1949) 
suggested that the annual cycle could be divided into 
three phases. Fires from July to December were 
considered to be dangerous because this was the seed 
maturation period. From January to March was consid-
ered safe because seeds from the latest year are mature . 
Jordaan considered the period from April to June 
unfavourable because 'a great quantity of ungerminated 
seed or seedlings shall be damaged ' (124; I.c.). Jordaan 
considered seed release and germination to take place 
during the period April to June . There are many 
problems with this hypothesis . 
Firstly, there are other Proteaceae species in the SW 
Cape, which flower and set seeds at different times and 
would thus be disadvantaged by a fire from January to 
March. The following are some of the conflicting flower-
ing phenologies in the Proteaceae from the coastal S. 
Cape area (see Figure 1) ; Protea neriifolia (spring) , P. 
aurea (May), P. mundii (peak February , March , April) , 
Leucadendron uliginosum, L. eucalyptifoiium (spring). 
On the basis of phenological patterns of the single genus 
Leucadendron , for which the seed maturation period is 
known (Williams 1972) , Midgley & Vlok (1986) sugges-
ted burning seasons for various fynbos areas . These 
prescriptions differ from those that van Wilgen (1985) 
made based on climatic data . 
Secondly , Jordaan (1949,1965,1981) virtually ignored 
the phenomenon of serotiny (canopy seed storage) in P. 
repens . Later workers noted the phenomenon in the 
Proteaceae (Williams 1972) , in other words that at no 
time after plants become mature is there a total absence 
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Figure 1 Details of the coastal southern Cape area and its position. 
of a seed bank. Bond (1985) suggested that the differ-
ence between the season when seed numbers are highest 
and lowest is only about two-fold, a decline similar to 
that measured by Coetzee & Giliomee (1987). 
Thirdly, seed release and subsequent germination in 
the serotinous Proteaceae mainly occur after fire . 
Therefore it is not clear why lordaan (1949) argued that 
fires in winter should be unsafe because very few seeds 
and seedlings would be directly destroyed by fires at this 
time. According to the phenology hypothesis , winter 
should be slightly less favourable than autumn (the seed 
maturation time) because the latest year's seed crop 
would have been exposed to pre-release predation for a 
few months. The phenological hypothesis centres around 
variations in the size of the pre-fire seed store. Other 
factors, besides phenology, which may affect the size of 
seed stores are; the age of the plants , the density of the 
plants and the scale of pre-release seed predation. 
The 'predation hypothesis' 
Bond (1984,1985) predicted that maximum regeneration 
will occur when the post-release period during which 
seeds are exposed to predators, is minimized , namely 
when fires take place just before the germination period. 
This hypothesis hinges on the timing of germination, the 
extent of post-fire predation and the magnitude of 
variation in post-fire regeneration levels after fires in 
different seasons . 
The 'mortality hypothesis' 
This hypothesis is based on the argument that fires 
should take place at the time of the year that maximizes 
the probability of survival of seedlings during their first 
year. Vogts (1982) argued that regeneration is best after 
autumn , rather than spring sowing of seed , not because 
seeds will not germinate in spring, bu~ because the 
earlier germinants will survive summer conditions 
better. However, Midgley (1988) noted very low 
mortality «7%) in general for seedlings in their first 
summer for both inland and coastal areas. Bell et al. 
(1987) noted low density-dependent seedling mortality 
in Australian shrublands in the first 2 months after 
germination. 
I include in this hypothesis , seasonal differences in 
mortality of seeds . For example, after a fire in spring, 
seeds released by serotinous Proteaceae will lie on the 
soil surface through summer , during which time they 
may experience mortality. Whereas, seeds released after 
an autumn fire will probably have all germinated before 
the following summer and therefore in this instance 
summer seed mortality may be minimal. Cowling & 
Lamont (1987) argued that loss of seed viability may be 
important in Australian shrub lands. 
The 'competition hypothesis' 
Bell et al. (1987), as well as supporting the predation 
hypothesis, argued that competitive interactions be-
tween resprouters and seedlings would affect regener-
ation of seedlings. They suggested that higher seedling 
mortality would be detected after spring, rather than 
autumn fires. This is because the longer the interval until 
winter germination the greater the biomass of resprouts 
that seedlings will have to compete with . There is 
apparently no data on this aspect as yet for any Proteoid 
shrubl ands. The factors presently considered to be 
important in determining seasonal regeneration patterns 
are summarized in Figure 2. 
The specific questions I address are: 
(i) Is there a season of burn effect after dioecy and 
density-dependent interactions are taken into account? 
Previous studies on post-fire regeneration of Proteaceae 
took place in the inland S. Cape mountains (Bond et al. 
1984) and the SW Cape (van Wilgen & Viviers 1985) . 
Since these earlier studies , more data has accrued for the 
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Figure 2 Simplified diagram showing dominant factors 
affecting seedling-to-parent ratios. Arrowed blocks to the right 
indicate limiting factors. 
former area as a result of a monitoring program. T have 
re-analysed these two data sets and considered the 
effects of dioecy and density dependence. 
(ii) Do different methods of analysing seedling:parent 
ratios give different answers? 
(iii) Are the essentially similar regeneration patterns 
detected by Bond et al. (1984) for the inland S. Cape 
mountains and by van Wilgen & Viviers (1985) for the 
SW Cape, general across the fynbos biome? On the basis 
of the uniqueness of climate of the coastal S. Cape area, 
van Wilgen (1984) suggested that unlike other fynbos 
areas, winter may be the natural season of burn for this 
area. To review these ideas, I gathered post-fire regen-
eration data for the coastal S. Cape mountains area (see 
Figure 1). Unfortunately, no fires have occurred during 
the period June to September in this area in the last 3 
years. 
Methods 
Lightning seasonality 
Lightning records were obtained for the following four 
lightning stations from the C.S.I.R. Lightning Research 
Project; Willowmore: 33°20' 23°30', Ladismith: 33~9' 
21 °16', George: 33°59' 22°32' and Clanwilliam: 32° 
11' 18°51'. These stations were taken as representative 
of the West, Inland S. Cape, Coastal S. Cape and Inland 
SE Cape areas. Lightning seasonality for the lO-year 
1975-1985 period was analysed and because the data 
were not normally distributed, the Kruskal-Wallis rank 
test in the SAS Package (1985) was used. 
Regeneration data 
Regeneration data for the coastal and inland areas were 
collected as in Bond et al. (1984) and briefly explained 
earlier. In total, 23 fires were investigated for the coastal 
area, in relation to 24 on inland mountains by Bond et al. 
(1984) and 31 by van Wilgen & Viviers (1985). A further 
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44 fires were monitored on the inland mountains and the 
data were combined with that of Bond et al. (1984). This 
sample of 173 transects from 68 fires on the inland 
mountains was analysed for the influence of density-
dependent influences on regeneration. At the level of 
species per transect, 370 data points were available. To 
minimize the effects of extreme differences in density, 
natural log transformations were used. 
Results 
Seasonality of lightning strikes 
Lightning strikes are not seasonal in the coastal southern 
Cape area (Table 1, column 3), but show varying degrees 
of seasonality in other areas. 
Influence of parent density on seedling-to-parent ratios 
The relationship between parent density [In (parents/ 
plots)] and [In (seedling/parents)] for all fires irrespec-
tive of season, yielded an r=0,066 (n=173, P>O,Ol). 
However, regression of [In (parents/plots)] and [In 
(seedling/parent)], but keeping all species in a particular 
transect separate, yielded an r=0,165 (n=370, 
P>O,OOl). At the scale of each fire the regression yielded 
an r=O,11 (n=68, P>O,Ol). 
Analysis of seedling:parent data 
The analysis of seedling:parent ratios at different scales 
does not change the basic pattern that maximum regen-
eration is usually detected after summer/autumn burns 
(Table 2). The season-of-burn effect is that summer/ 
autumn burns usually are followed by from 3,2 to 3,6 
times as many seedlings per parent as winter/spring 
Table 1 Mean monthly lightning flash counts for the 
period 1975-1984 for four stations across the fynbos 
biome. Probabilities indicate whether there are 
significant differences among mean lightning flash 
counts for the months and seasons at a station, using 
the Kruskal-Wallis test. Summer is taken as December 
to February, autumn as March to May etc. 
Month Willowmore Ladismith George Clanwilliam 
July 19,1 10,4 75,5 2,6 
August 11 ,1 9,1 143 12,8 
September 42,6 59,1 162,5 2,7 
October 208 24,7 61,5 44,7 
November 141,2 90,5 272 42,4 
December 188,3 11,2 105,4 20,6 
January 235,2 64,1 256,1 16 
February 411,4 15,5 70,7 13,1 
March 256 88 ,1 86,7 12,4 
April 122,5 53,2 120,7 34,6 
May 50,1 15,3 66,4 56,2 
June 22,2 5,3 99,2 7,2 
Mean annual 
total 1708 445 1520 253 
Months P<O,OOOI P<0,09 P<0,95 P<0,14 
Seasons P<O ,OOOI P<O,Ol P<0 ,76 P<0,45 
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burns (Tables 2 & 3). This is less extreme than Bond 
(1985) suggested. 
Regeneration patterns in the Outeniqua Mountains 
Given the poor seasonal spread of fires, the results 
indicate that the best regeneration occurs after summer/ 
autumn burns (Table 4). For example, up to 282 seed-
lings per m2 of L. uliginosum (mean seedlings: 
parent = 14) were noted at Robinsons Pass after a 
February burn . A low of less than 1 seedling per m2 (s:p 
of 0,7) for the same species was noted at Buffelsnek 
(Prince Alfreds Pass) after a November burn. 
Discussion 
Seasonality of ignition sources 
The trend of very few natural fires occuring in the period 
May to August in the Swartberg (Horne 1981) is corre-
lated with a lower frequency of lightning strikes in the 
area (column 2 of Table 1). At this stage it is not possible 
to determine whether the historical fire seasonality is 
due to the seasonality of ignition sources or of low fuel 
moisture conditions (van Wilgen 1984). Clearly, further 
work is needed on the implications of abiotic indicators 
for fire season . 
Density effects 
The important point is that density-dependent effects 
only explain up to about 15% of the variation in seed-
lings to parent. This indicates that the seedling-to-parent 
Table 2 Mean monthly seedling:parent ratios for the 
inland S. Cape mountains area (first number in brackets 
is sample size, second is mean seasonal seedling: 
parent ratio, s.d. is standard deviation). The following 
three levels of analysis have been used; mean 
seedling:parent ratios per fire, per transect and per 
species per transect. Data is from Bond et al. (1984) 
and unpublished Forestry monitoring data 
Level of analysis 
s.d . for 
Month Per fire Per transect Per species species 
Jan. 2,48 (9) 2,34 (26) 2,98 (58) 5,11 
Feb. 5,88 (7 ; 3,3) 4,53 (16; 3,1) 13 ,8 (36; 6,5) 26 ,05 
March 4,18 (5) 4,51 (5) 4,93 (6) 1,93 
April 8,9 (16) 6,15 (38) 4,97 (81) 9,89 
May 2,26 (8; 5,1) 3,49 (21; 4,7) 3,66 (51 ; 4,5) 4,92 
June 3,78 (3) 3,26 (9) 3,67 (17) 4,2 
July 
Aug. 0,88 (1; 2,3) 3,25 (5; 3,3) 3,24 (9 ; 3,5) 2,5 
Sept. 0,76 (1) 2,06 (4) 2,06 (4) 1,39 
Oct. 2,0 (3) 1,23 (9) 1,51 (16) 1,8 
Nov. 0,75 (3 ; 1,5) 0,69 (9 ; 1,3) 1,78 (15 ; 1,8) 3,54 
Dec. 1,67(4) 2,56 (11) 2,86 (27) 2,82 
Seedling:parent ratio of season with highest and lowest mean 
regeneration levels 
3,47 3,56 3,67 
Table 3 Mean monthly seedling-to-parent 
ratios for the south-western Cape (from van 
Wilgen & Viviers 1985) 
Month Mean s:p ratio Mean seasonal s:p ratio 
January 5,7 
February 5, I 5,4 (summer) 
March 11 ,0 
April 10,4 
May 2,1 7,8 (autumn) 
June 3,3 
July 1,6 
August 2,7 2,5 (winter) 
September 0,4 
October 6,1 
November 17,8 8,1 (spring) 
December 
Ratio of highest to lowest mean s:p ratio 8,1/2 ,5=3,2 
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ratio is a useful measure of regeneration. Interestingly, 
these data indicate that intraspecific competition is small 
because the percentage of the variation in post-fire 
seedling-to-parent ratios , explained at the level of 
species per transect (16,5%) is only 10,1 % higher than if 
species are taken together (i .e. total seedlings are 
divided by total number of adults per transect). This 
supports the contention of Bond et al. (1984) that density 
effects are minimal in relation to season of burn. 
However, for those months in which there were enough 
samples to analyse statistically, there is some evidence of 
density effects. For January (n=26; ,-2=0,7), April 
(n=38 , ,-2=0,38) and May (n=22, ,-2=0,84) parent 
density is significantly correlated with regeneration 
Table 4 Regeneration patterns in the coastal south-
ern Cape mountains area (N represents north slopes 
areas, where regeneration levels are usually low and 
were ignored when determining seasonal trends) 
Number of Monthly Seasonal 
Month fires sampled Mean s:p ratio mean mean 
January 3 3,4; 12,7; 2,6 6,2 
February 3 23 ,9; 18,9, 9,5 17,4 9,5 (summer) 
March 5 15,1; 9,5; 14,5 
10,1; 9,2 11 ,7 
April 3 1,3 (N); 0,9 (N) 
3,2 3,2 
May 4,3 (N) 7,4 (autumn) 
June 
July 
August 
September 
October 4 2,2; 6,1; 14,5 
0,5 (N) 7,6 
November 2 1,3; 1,3 (N) 1,3 4,3 (spring) 
December 2 6,5; 3,2 4,9 
170 
level. 
The fact that parent density is often no guarantee of 
seedling success and that seedling density itself does not 
have a definite upper limit is very surprising and has 
evolutionary impl ications . It suggests that , given an 
element of randomness in the seasonal occurrence of 
fire , fires may reset the competitive environment 
amongst serotinous shrubs back to zero each time , a 
mechanism which may facilitate co-existence. 
Biome level post-fire regeneration trends 
Correcting for dioecy results in a damping off of 
differences in regeneration levels (Tables 2 & 3) com-
pared to those previously reported by Bond et al. (1984) 
and van Wilgen & Viviers (1985) . August to November 
appears to be the worst time for the inland S. Cape areas 
(Table 2) and from May to September for the SW Cape 
(Table 3) . Even though the coastal S. Cape mountain 
area receives an equable rainfall (Fuggle & Ashton 
1979), there appears to be a seasonal effect in 
regeneration patterns similar to that recorded for the 
other areas i.e. a summer/autumn maximum . This is 
probably due to the similarity in germination response of 
species from the coastal and inland mountains (see 
germination patterns in Bond 1984). At this stage it 
seems that summer/autumn fires result in maximum 
regeneration levels but that the differences are less than 
four-fold. Since annual variations in seed store are only 
about two-fold (Bond 1985), it is clear that some other 
factor besides phenology is implicated in determining 
regeneration levels. However, in Australian shrublands, 
Bell et al. 's (1987) data indicate that the difference in the 
percentage of pre-fire seed which established after a 
spring burn (13%) was not much lower than that for an 
autumn burn (16%). Cowling & Lamont (1987) found 
approximately twice as many seedlings after an autumn 
compared to a spring burn . However this difference was 
later moderated by predators such that greater regener-
ation occurred after the spring burn . Both of the above 
studies were based on single observations which must be 
borne in mind considering the high variability found in 
post-fire regeneration in fynbos (Table 2 , last column) . 
Conclusions 
Most of the studies on seasonal variability in 
regeneration response have been correlative; regener-
ation response has been measured and then factors have 
been searched for to explain these responses. Further 
work on this topic should be more experimental, so that 
biotic and abiotic factors can be controlled . 
Although Table 2 is derived from the biggest data set 
yet available on seasonal regeneration responses in the 
fynbos (or any other mediterranean area) , there is still 
high unexplained variability . Seven out of the 11 months 
for which data was available had higher variance than 
the mean in seedling-to-parent ratios (Table 2) . 
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